1. Introduction {#j_med-2017-0042_s_001}
===============

Breast cancer is one of leading cause of cancer related death worldwide \[[@j_med-2017-0042_ref_001]\]. In western countries, most breast cancer cases can be diagnosed at an early stage given the availability of technology for early detection \[[@j_med-2017-0042_ref_002]\]. However, more than 40% of breast cancer cases admitted to hospitals in developing countries are at advanced stages \[[@j_med-2017-0042_ref_003]\]. Although effective chemotherapy, endocrine therapy, and trastuzumab-targeted therapy have been used in the clinical treatment of breast cancer, metastasis disease is still not cured. One-third of patients with advanced breast cancer eventually experience metastases and death \[[@j_med-2017-0042_ref_004]\]. Therefore, the early diagnosis and treatment of breast cancer is essential to its prognosis.

Programmed death ligand 1 (PD-L1), an immunoglobulin superfamily haplotype I transmembrane glycoprotein associated with apoptosis, binds to the programmed cell death-1 (PD-1) receptor \[[@j_med-2017-0042_ref_005]\]. It has been reported that PD-L1 expression is up regulated in human tumor cell lines of ovarian cancer, lymphoma, and etc, suggesting that it has a close relationship with tumorigenesis and development \[[@j_med-2017-0042_ref_006]\]. Numerous studies focused on PD-L1 expression in various malignant carcinomas, such as laryngeal cancer, colon cancer, and lung cancer. However, few studies on PD-L1 expression in breast cancer tissue have been conducted. This study aims to investigate PD-L1 expression in breast cancer by immunohistochemical staining and quantitative real-time PCR assay, which are commonly used in clinical pathology laboratory. And further discussion about the association between PD-L1 expression and clinical pathological characteristics in breast invasive ductal carcinoma patients was necessary.

2. Materials and methods {#j_med-2017-0042_s_002}
========================

2.1. Patients {#j_med-2017-0042_s_002_s_001}
-------------

This study collected 64 cases of paraffin-embedded tissue specimens of breast invasive ductal carcinoma. All specimens were from patients with complete medical records in the pathology department of Lishui central hospital and who were admitted from February 2013 to March 2015. The patients inclusion criteria were: The patients were diagnosed with invasive ductal carcinoma with pathology confirmation; The patients had relative complete medical records; The patients did not received any preoperative chemoradiation or biotherapy; Written informed consents were obtained from all of the patients for their samples. The histological type of all cases was invasive ductal carcinoma. Moreover, 22 cases of normal peritumorial breast tissues (normal breast tissue taken from over 5 cm away from the edge of the breast tumor) were also collected. All the cases were female and did not receive radiotherapy or chemotherapy prior to surgery. The clinical data was complete. There were 28 cases with tumor diameters \< 2 cm and 36 cases with tumor diameters ≥ 2 cm. Histopathological grading of tissue samples showed 18 cases of grade I tumors and 46 cases of grades II or III tumors. Tumor staging in accordance with the criteria of TNM staging of breast cancer by AJCC (2002) revealed that there were 42 cases in stages I or II and 22 cases in stage III.

Ethical approval: The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by the authors' institutional review board or equivalent committee.

2.2. Immunohistochemistry assay {#j_med-2017-0042_s_002_s_002}
-------------------------------

Paraffin-embedded specimens were cut into 4-μm sections. After dewaxing, dehydration in benzene, and hydration, the sections were stained by the streptavidin-peroxidase immunohistochemical method (SP method). The specific steps were described in the kit's instruction manual. PD-L1 protein expression was detected for all specimens. A positive control was established for each staining. PBS was used as a negative control instead of a primary antibody.

2.3. Real-time quantitative PCR {#j_med-2017-0042_s_002_s_003}
-------------------------------

RNA was extracted from the specimen with the following steps: dewaxing, tissue crushing, stratification, sedimentation, drying, and dissolution. The specific steps were performed according to the manufacturer's instructions. Total RNA purity and concentration were determined by ultraviolet spectrophotometry photometer. Reverse transcription process was performed in accordance with the manufacturer's instructions. The Ct value of the measured gene was corrected as follows: the Ct value of the internal reference gene GAPDH was subtracted from the Ct value of the target gene PD-L1 to represent the relative copy number of the gene to be measured: ΔCt = CtPLD-L1 - CtGAPDH. The average of each group ΔCt was then calculated.

2.4. PD-L1 positive and negative expression criteria {#j_med-2017-0042_s_002_s_004}
----------------------------------------------------

PD-L1 presents a positive color of yellow to brown particles in the cytoplasm. PD-L1 expression was assessed with semi-quantitative integration by combining the percentage of staining intensity and positive cells (immunohistochemical scores, IHS), IHS = a × b \[[@j_med-2017-0042_ref_007]\], where a represents the staining intensity and b represents the percentage of positive cells. The whole field of view of the section was first observed at low magnification. Then, five high power fields (×400) were randomly selected to view cancer cells and cancer stroma. The grading for "a" was as follows: 0 = no coloring, 1 point = light yellow, 2 points = brown yellow and 3 points = dark brown. The grading for "b" was as follows: 1 point = ≤10%, 2 points = 10%--50%, 3 points = \>50%. When the two scores were multiplied, a result of ≥ 3 points indicated positive expression.

2.5. Statistical analysis {#j_med-2017-0042_s_002_s_005}
-------------------------

Analysis was conducted by SPSS 18.0 statistical software. PD-L1 expression and its relationship with clinicopathological features of breast cancer patients were analyzed by χ^2^ test. qRT-PCR results were analyzed by t test, where *P*\<0.05 signified a statistically significant difference.

3. Results {#j_med-2017-0042_s_003}
==========

3.1. Expression of PD-L1 in breast invasive ductal carcinoma and normal tissues {#j_med-2017-0042_s_003_s_001}
-------------------------------------------------------------------------------

Immunohistochemical staining results showed that PD-L1 protein was highly expressed in invasive ductal carcinoma tissues with the positive rate of 37.5% (24/64). PD-L1 proteins were mainly located in the cytoplasm of cancer cells and cancer stromal lymphocytes ([Figure 1](#j_med-2017-0042_fig_001){ref-type="fig"}). The 22 cases of peritumorial breast tissues lowly expressed PD-L1 protein at a positive rate of 4.5% (1/22). The difference between invasive ductal carcinoma and normal tissue was statistically different (*P*\< 0.05).

![PD-L1 expression in breast cancer tissues and normal peritumorial tissues. (A: PD-L1 negatively expressed in normal breast tissues; B: PD-L1 lowly expressed in infiltrating ductal carcinoma tissues; C: PD-L1 highly expressed in infiltrating ductal carcinoma tissues) ×20.](med-12-288-g001){#j_med-2017-0042_fig_001}

3.2. Expression of PD-L1 and clinicopathological features of patients {#j_med-2017-0042_s_003_s_002}
---------------------------------------------------------------------

PD-L1 expression was not significantly correlated with age, menopause history, family history, tumor size, lymph node metastasis, and tumor location (*P*~all~\>0.05). However, PD-L1 expression was correlated with clinical stage (*P*\<0.05) and histopathological tumor grade (*P*\<0.05), as shown in [Table 1](#j_med-2017-0042_tab_001){ref-type="table"}.

###### 

PD-L1 expression and clinical characteristics of patients with breast invasive ductal carcinoma \[n(%)\]

  Clinical characteristics       n=64   Positive(n=24)   Negative (n=40)   Chi-square   P
  ------------------------------ ------ ---------------- ----------------- ------------ ------
  Age                                                                      0.40         0.52
   \<55                          19     6(31.6)          13(68.4)                       
   ≥55                           45     18(40.0)         27(60.0)                       
                                                                                        
  Tumor location                                                           0.05         0.82
   Upper outer quadrant          58     22(37.9%)        36(62.1)                       
   Others                        6      2(33.3)          4(66.7)                        
                                                                                        
  Menopause                                                                0.01         0.93
   No                            11     4 (36.4)         7 (63.6)                       
   Yes                           53     20 (37.7)        33 (62.3)                      
                                                                                        
  Tumor diameter                                                           0.07         0.79
   \<2                           28     10(35.7)         18(64.3)                       
   ≥2                            36     14(38.9)         22(61.1)                       
                                                                                        
  Lymph node metastasis                                                    0.02         0.90
   Yes                           30     11(36.7)         19(63.3)                       0.29
   No                            34     13(38.2)         21(61.8)                       
                                                                                        
  Clinical stage                                                           5.33         0.02
   I -- II                       42     20 (47.6)        22 (52.4)                      
   III                           22     4 (18.2)         18 (81.8)                      
                                                                                        
  Pathology grading                                                        4.64         0.03
   I -- II                       18     3(16.7)          15(83.3)                       
   II -- III                     46     21 (45.7)        25(54.3)                       
                                                                                        
  Breast cancer family history                                             0.28         0.59
   Yes                           4      1(25.0)          3(75.0)                        
   No                            60     23(38.3)         37(61.7)                       

3.3. Expression of PD-L1 mRNA ininvasive ductal carcinoma {#j_med-2017-0042_s_003_s_003}
---------------------------------------------------------

Real-time quantitative PCR results showed that PD-L1 was highly expressed in breast invasive ductal carcinoma with an average ΔCt of 7.45±1.82. PD-L1 was lowly expressed in normal peritumorial breast tissues with an average ΔCt of 14.17±3.53. The difference of PD-L1 mRNA expression was statistically different (*P*\<0.05), [Figure 2](#j_med-2017-0042_fig_002){ref-type="fig"}.

![Expression of PD-L1 mRNA in cancer tissue and peritumorial tissue](med-12-288-g002){#j_med-2017-0042_fig_002}

4. Discussion {#j_med-2017-0042_s_004}
=============

Several studies \[[@j_med-2017-0042_ref_008], [@j_med-2017-0042_ref_009]\] have investigated PD-L1 expression in breast cancer specimens via immunohistochemical methods and found that PD-L1 expression is correlated with ER-negative, PR-negative and histopathological grade III in patients of breast cancer. Studies on breast cancer with lymph node metastasis found that PD-L1 expression is positively correlated with a large lymph node volume and tumors that express positive human epidermal growth factor receptor 2 (HER2) \[[@j_med-2017-0042_ref_010],[@j_med-2017-0042_ref_011]\]. Moreover, our study showed that PD-L1 was highly expressed in invasive ductal carcinoma tissues and that PD-L1 was positively correlated with clinical stages and histopathological tumor grade. In a tumor-bearing mouse model, treatment with anti-PD-L1 monoclonal antibodies significantly inhibited tumor growth and cleared tumor cells; some cases even showed complete remission \[[@j_med-2017-0042_ref_012]\]. Compared with the single treatment of cytotoxic T lymphocyte therapy, the combined use of cytotoxic T lymphocytes can effectively improve the survival rate of tumor-bearing mice \[[@j_med-2017-0042_ref_013]\]. Therefore, the PD-1/PD-L1 pathway may be involved in the recurrence and metastasis of breast cancer subtypes, such as triple negative (with negative ER, PR, and HER2 expression) breast cancer \[[@j_med-2017-0042_ref_008]\].

Chemotherapy is generally used clinically to inhibit cancer cells proliferation, invasion, and metastasis. Breast cancer is commonly treated with anthracycline chemotherapy drugs. Studies have shown that adriamycin reduces PD-L1 expression on the surface of breast cancer cells, promotes the specific killing of tumor cells by T cells, and inhibits the binding of PD-L1 and PD-1 on the T-cell surface \[[@j_med-2017-0042_ref_014]\]. Studies have proved that although adriamycin effectively reduces PD-L1 expression on the surface of breast cancer cells, PD-L1 expression is up-regulated in the nuclei of breast cancer cells\[[@j_med-2017-0042_ref_008], [@j_med-2017-0042_ref_015]\]. PD-L1 promotes the nuclear migration of PD-L1 on the tumor cell membrane to increase PD-L1 expression in the cell nucleus; this mechanism is a self-protective mechanism of tumor cells to prevent apoptosis during cancer chemotherapy\[[@j_med-2017-0042_ref_016]\]. Nimesulide selectively inhibits scyclooxygenase II and induces PD-L1 expression on the surface of breast cancer cells through interferons, thereby promoting the apoptosis of cancer cells while simultaneously inhibiting metastasis and progression \[[@j_med-2017-0042_ref_017]\]. However, given that chemotherapy drugs are not highly selective, chemotherapy will inevitably damage the body's normal cells, resulting in adverse drug reactions. CD8+ T-cell can inhibit PD-L1 expression on the surfaces of tumor cells and promote the apoptosis of tumor cells. CD8+T-cell can be activated by transfecting the costimulatory molecule CD80 in human tumor cell lines via RNA interference technology. Therefore, CD80 is a potential drug target for anti-tumor therapy. Using costimulatory molecules as therapeutic drugs can not only facilitate targeted tumor treatment, but also reduce the adverse reactions caused by traditional chemotherapy drugs \[[@j_med-2017-0042_ref_018]\].

In our present study, we found that PD-L1 positive expression was associated with clinical pathological characteristics of TNM stage and pathology grading, which indicated that PD-L1 may play an important role in invasive ductal carcinoma of breast cancer patients. However, because of small sample size and short term follow-up period, the correlation between PD-L1 expression and prognosis of breast cancer patients was not evaluated. So, more patients and long term follow-up are need for further evaluation PD-L1 expression and patients's survival.

In recent years, the wide clinical applications of radiotherapy, chemotherapy, and medical therapy have significantly improved the prognosis of breast cancer patients. However, triple-negative breast cancer and metastatic breast cancer are still difficult to management. The detection of PD-L1 can provide guidance for the selection of appropriate chemotherapeutic drugs. PD-L1 can also be used as an independent factor to determine prognosis, and specific anti-PD-L1 monoclonal antibodies are novel concepts to consider in the immune therapy of breast cancer.
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